Introduction Post-transplant lymphoproliferative disorder (PTLD) is a condition associated with post-transplant immunosuppression that can develop in various organs, including the grafted one. However, it has rarely been reported in nerve tissue. We encountered an unexpected case of PTLD in the cauda equina of a kidney transplant recipient who was being treated with chronic immunosuppressive therapies. Case presentation The patient was a 39-year-old woman in whom lower limb muscle weakness appeared and progressed rapidly 10 years after kidney transplantation for glomerulonephritis. Magnetic resonance imaging (MRI) findings were suggestive of an intradural extramedullary tumor. Diagnosis of PTLD was established on open biopsy. Culprit immunosuppressants (tacrolimus, mycophenolate mofetil, and prednisolone) were discontinued, and rituximab and radiation therapy were started. The paraplegia gradually improved after drug discontinuation, and the lesion diminished in size 3 months after this series of treatment, and finally disappeared on MRI as of 1 year after treatment. Discussion PTLD in the cauda equina is extremely rare, and only one case involving the cauda equina has been reported previously. Biopsy should be performed initially for definitive diagnosis, after which the suspected culprit immunosuppressants should be immediately discontinued.
Introduction
Post-transplant lymphoproliferative disorder (PTLD) is a condition that is associated with post-transplant immunosuppression. It shows some similarities with classic lymphomas but occurs in only immunosuppressed individuals post-transplantation. It can develop in various organs, including the grafted organ, but its onset in nerve tissue is relatively rare. We recently encountered an extremely rare case of PTLD developing in the cauda equina in a kidney transplant recipient. Herein, we present this case with a review of the literature.
Case presentation
This 39-year-old woman presented with a chief complaint of muscle weakness in the right leg. At the age of 28, she had undergone living-donor kidney transplantation from her father for end-stage renal disease caused by chronic glomerulonephritis. Since then, she had been on an oral immunosuppressant regimen consisting of tacrolimus 2.5 mg/day, mycophenolate mofetil (MMF) 1000 mg/day, and prednisolone 5 mg/day. Ten years after transplantation, the patient began to experience right lower back pain and muscle weakness of the right leg. She consulted a neighborhood hospital, where magnetic resonance imaging (MRI) revealed no evident abnormality. One month later, the right leg muscle weakness intensified and she was admitted to another hospital. From the MRI findings, an intradural extramedullary tumor at the L2 level was suspected. She was then referred to our hospital.
Physical examination on admission revealed lower extremity paresis (involving the iliopsoas, quadriceps, anterior tibialis, gastrocnemius, peroneal, extensor hallucis longus, and flexor hallucis longus) with right dominance; a manual muscle test (MMT) score of 0 for the entire right leg muscle strength, an MMT score of 4 for the entire left leg muscle strength, and absent patellar and Achilles tendon reflexes in the right leg were observed. Reduced sensation was found at the L2 level and below on the right side, so she could neither walk nor stand. Dysuria was also noted, but bowel dysfunction was not observed. The Japanese Orthopaedic Association (JOA) score for lumbar spine disease was (3,1,0)(2,0,0)(1,0,1,0,2,1,0)(−3) = 8/29, indicating severe physical impairment (the lower the score, the more severe the impairment). The JOA score evaluates lumbar spine disease using subjective symptoms, objective findings, daily living behavior, and bladder function [1] .
Although no abnormal lesion was detected on initial MRI (Fig. 1) , a repeat MRI 1 month later revealed a lesion (isointensity on T1-weighted imaging, low signal intensity on T2-weighted imaging, and uniform enhancement with gadolinium) in the intradural extramedullary area at the L2 level on the right side (Fig. 2) . PTLD, hematoma, and metastasis were suspected based on the above findings and the lesion was biopsied for definitive diagnosis. After the dura and arachnoid mater were incised under microscopic guidance, the lesion was carefully observed. The cauda equina was inflamed and swollen, but there was no evidence of a tumor (Fig. 3) . The inflamed tissue was resected for pathological examination. On histopathology, cluster of differentiation (CD)-20-positive and EBV-encoded small RNA (EBER)-positive B-cells with nuclear atypia were detected (Fig. 4 ). Blood tests demonstrated the presence of the Epstein-Barr virus (EBV) at ≤200 copies/µg, but EBV viral capsid antigen immunoglobulin G titer was 4.4 EIA (positive), EBV viral capsid antigen immunoglobulin M titer was 0.1 EIA (negative), and EBV virus nuclear antigen immunoglobulin G titer was 3.8 EIA (positive). Serum soluble interleukin-2 receptor level was elevated at 778 U/ mL. Cerebrospinal fluid analysis revealed an elevated EBV copy number (50,000 copies/µg) with elevated cell count (109/µL) and total protein levels (472 mg/dL). At this point, Fig. 3 Intraoperative findings. The cauda equina is swollen and inflamed (arrow). No tumorous lesion is evident Fig. 4 Histopathological findings. a Hematoxylin−eosin (HE) staining, ×200. b HE staining, ×400. Large atypical lymphocytes with nuclear atypia are seen (black arrows). Normalsized lymphocytes without nuclear atypia are also seen (red arrows). c Anti-CD20 immunostaining, 200. d Anti-CD20 immunostaining, ×400. There is a positive chromatic response in the cytoplasm of relatively large-sized B cells (black arrow). e Anti-CD3 immunostaining, ×400. f Anti-CD3 immunostaining, ×400. There is a positive chromatic response in the cytoplasm of small T cells (black arrow). There is no sign of nuclear atypia. g EBV-encoded small RNA (EBER) in situ hybridization, ×200. h EBER in situ hybridization, ×400. Epstein−Barr virus (EBV) is detected in the nuclei of large B cells (black arrows). Polyclonal hyperplasia of EBV-positive Bcells is also appreciated we made a diagnosis of PTLD originating in the cauda equina after kidney transplantation.
No effective treatment has been established for PTLD. Since PTLD is caused by immunosuppressants, discontinuation is usually standard with radiotherapy, chemotherapy, and rituximab as appropriate. In this case, after discussion with the transplant surgeons, tacrolimus was discontinued, and oral steroids were begun. Rituximab 500 mg (375 mg/m 2 once weekly for 4 weeks) and radiotherapy (44 Gy/22 fractions to T12-L4) were also administered. The MMF dose was gradually reduced, and immunosuppressive therapy comprising mizoribine and azathioprine was initiated, with dose adjustments as needed. Finally, oral prednisolone 2 mg/day was added. Figure 5 summarizes the course of the combined postoperative therapy. Physical therapies such as muscle strengthening, standing balance, and gait exercises were intensively performed in parallel every day. Three months after surgery, lower extremity strength had not improved but gradually recovered 1 year post-surgery. Subsequently, 1.5 years after surgery, the right leg muscle strength (for the iliopsoas, quadriceps, anterior tibialis, gastrocnemius, peroneal, extensor hallucis longus, and flexor hallucis longus) was MMT 2 and the left leg muscle strength had been fully recovered. Four years after surgery, the right iliopsoas and quadriceps strength had recovered to MMT4− and 3+ respectively. The patient could walk with a cane and anklefoot orthosis and bladder function had returned to normal. No rejection occurred after immunosuppressants were discontinued and renal function was maintained. On MRI, the lesion was unchanged 2 weeks after surgery, but was much smaller at 3 months and had completely disappeared by 1 year postoperatively and thereafter. No recurrence was seen as of at 3 years after surgery (Fig. 6) . The patient's JOA score had improved from 8 to 17 at the final follow-up. This study was approved by the institutional review board of our institution, and informed consent was obtained from the study participant prior to this case report.
Discussion
First reported in 1968, PTLD is a disease entity that is frequently encountered after solid organ or hematopoietic stem cell transplantation [2] . It shows some similarities with classic lymphomas. PTLD mostly originates from B cells, and EBV involvement has been suggested in many cases [3] . The incidence of systemic PTLD is approximately 20% [4] [5] [6] [7] . It is common in patients after multipleorgan transplantation, such as bowel and heart-lung [6, 8] . On the other hand, the incidence of PTLD originating in the nervous system, including the central nervous system (CNS), is relatively small. PTLD originating in the CNS was first reported [9] in 1970, and it has been observed in 7-15% of all PTLD cases [10] [11] [12] [13] [14] . It is common in patients after pancreas and kidney transplantation [13] . There are only three case reports of PTLD developing at the T5 level in the spinal cord after kidney transplantation [15] , one report of PTLD developing in the brain and cauda equina 1 year after hematopoietic stem cell transplantation [16] and one report of PTLD developing in the ventral aspect of the spinal cord 61 days after hematopoietic stem cell transplantation [17] . According to another report, PTLD developed in the spinal cord in 10% of 33 cases, but no further details were provided [12] . To the best of our knowledge, only one case of PTLD originating in the cauda equina has been reported previously [16] involving a patient with PTLD that developed in the cauda equina as well as the brain, which disseminated with a fatal outcome. PTLD is usually diagnosed within a year after transplantation [4] , while PTLD of the nervous system is diagnosed later, occurring about 12.6 to 54.0 months after transplantation in the literature [3, 12, [18] [19] [20] . CNS involvement has been shown to be a poor prognostic factor that is predictive of poor survival. On MRI, a frequently observed feature of PTLD of nervous system origin is uniform or ring-shaped enhancement. Histopathologically, the disease is monomorphic in most cases [12, 18] . There are numerous reports on multiple PTLDs [3, 12, 19] , and 35% of all cases with this type of PTLD present within 1 year after transplantation [3, 19] .
Possible risk factors for onset of PTLD include use of cyclosporine and tacrolimus for immunosuppression and EBV infection in EBV-seronegative patients during immunosuppression [21, 22] . The plasma EBV-DNA level has also been considered useful for the diagnosis; a viral load exceeding 10 4 copies/ µg DNA in peripheral blood is known to be diagnostically significant, and it has been reported that the EBV-DNA level in the cerebrospinal fluid is higher than that in the blood in some cases of PTLD [23, 24] .
For primary treatment of PTLD, the culprit immunosuppressant therapy should be discontinued. However, long-term remission is difficult to achieve with this measure alone, and additional therapy may be necessary. Radiotherapy has been reported to extend patient survival [12, 19] . Methotrexate administration has also been reported to yield favorable outcomes [25, 26] . In CD20-positive cases, the use of rituximab may be considered. Rituximab has been reported to be effective despite the prevailing view that the molecular weight of rituximab (145 kDa) is too large to allow its passage through the blood−brain barrier [16, [27] [28] [29] [30] [31] . There is a report of improvement in progression-free survival in response to treatment with rituximab or cytarabine [18] ; however, lower progression-free survival has been associated with low performance status and higher lactate dehydrogenase. The most significant prognostic factor reported is a lack of response to the initial treatment [18] .
In the present case, PTLD developed in the cauda equina 10 years after transplantation. MRI revealed uniform contrast enhancement and higher cerebrospinal fluid EBV-DNA level than in blood, suggesting EBVassociated PTLD of nervous system origin. The lesion was biopsied to make a definitive diagnosis. Thereafter, the culprit immunosuppressant therapy was discontinued and replaced with rituximab (because the lesion was CD-20-positive) followed by radiotherapy. Following treatment, the tumor disappeared on MRI and the patient's JOA score improved from 8 to 17. This suspected case of PTLD was successfully controlled by discontinuation of the suspected culprit immunosuppressants and administration of rituximab, which has previously been reported to be an effective treatment for this disease, and radiotherapy [31] .
Autonomic and sexual function is as important as muscle strength and bladder and bowel function after spinal cord injury and cauda equina failure [32, 33] . Although we cannot discuss them in this case since JOA score does not include autonomic and sexual function, we note that the Autonomic Standards Assessment Form of the American Spinal Injury Association/International Spinal Cord Society is useful for this purpose [32, 33] .
We encountered a very rare case of PTLD developing in the cauda equina 10 years after transplantation. In managing a case of suspected PTLD, biopsy should be initially performed for definitive diagnosis. If PTLD is confirmed, the suspected culprit immunosuppressants should be discontinued immediately and the immunosuppressant regimen switched to rituximab therapy and radiotherapy if necessary.
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